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1. Introduction 
The automotive industry in the recent past has paid considerable attention to internal combustion engine 
condition monitoring since it helps to prevent serious damage by checking the status of the engine(Marzat, 
Piet-Lahanier et al. 2011). Modern automobile industry that utilized internal combustion engines, rely on 
accurate sensor reading not only to ensure high performance operation but also to avoid penalties due to 
excessive pollutant emission (Villeda 2002). 
Condition monitoring of an internal combustion engine contains valuable information regarding the 
functioning of its components. Condition monitoring has become of paramount importance in various 
industrial sectors, such as automobile industries, aeronautics industries, power generating units (Yadav and 
Kalra 2010). Present research demonstrated a new method to condition monitoring of internal combustion 
engine block. Strain sensor have used to data recording from engine block and I-kaz statistical method have 
used to data analysing. 
 
1.1. Strain gauge 
Generally the strain of any object could be possibly determined using strain gauge device. This tool 
previously invented by Edward Simmons and Arthur Ruge in 1938 and the most common type of this strain 
gauge is consisted of an insulating flexible backing which supports a metallic foil pattern. The suitable 
adhesive is used to attach the gauge to the object of interest. Whenever the object is deformed, the foil is 
deformed as well, resulting in its electrical resistance to change. In order to determine the changes in 
resistance a Wheatstone bridge is applied which is related to the strain by the quantity known as the gauge 
factor (Simmons). 
 
1.2. I-kaz statistical method 
The variation of amplitude, frequency, phase and energy are attributed in the signal measurement. Signals 
are fall into two main categories which are deterministic and nondeterministic. A deterministic signal can be 
described by a mathematical relationship between the value of the function and time. Many signals in nature 
exhibit random or nondeterministic characteristics which provide a challenge to analysis using signal 
processing techniques. In order to classify the random signals, the r-th order of moment Mr is frequently used. 
The r-th order of moment, Mr for the discrete signal in the frequency band can be written as: 
 
 
 
Where N is the number of data and r is the order of moment. Kurtosis, which is the signal 4th statistical 
moment, is a global signal statistic which is highly sensitive to the spikiness of the data. For discrete data sets 
the kurtosis value is defined as: 
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The kurtosis value is approximately 3.0 for a Gaussian distribution. Higher kurtosis values indicate the 
presence of more extreme values than should be found in a Gaussian distribution. Kurtosis is used in 
engineering for detection of fault symptoms because of its sensitivity to high amplitude events (Nuawi, Nor et 
al. 2007). Based on kurtosis, I-kaz method provides a three dimensional graphical representation of the 
measured signal frequency distribution. (Mohd Zaki, Jaharah et al. 2006). The time domain signal is 
decomposed into three frequency bands, which are; x-axis, which is low frequency (LF) range of 10-20 kHz, 
y-axis which is high frequency (HF) range of 20-50 kHz and z-axis, which is very high frequency (VF) range 
of 50-100 kHz. In order to measure the scatter of data distribution, the I-kaz coefficient calculates the distance 
of each data point from signal centroid (Mohd Zaki, Jaharah et al. 2006). I-kaz coefficient is defined as: 
 
 
Where N is the number of data and  are the 4th order moment of signal in LF, HF and VF range 
respectively. 
2. Experimental Facilities  and Technique 
For the experimental investigation presented in this experiment an engine facilities was employed: 
Mitsubishi 4 cylinders 4G92 113 PS (83 kW; 111 hp) 1.6L 16-valve SOHC engine with multi-point fuel 
injection.  In order to data collecting omega pre-wired strain gauge was chosen. Data translation has done 
using National instrumentation data acquisition (NI 9172). 
 
2.1. Sensor installation  
 
The first step of experiment started by sensor installation which the tape-assisted installation method is the 
most popular method to install metal-foil strain gages. Tape-assisted installation method is including 4 steps: 
 
 Surface Preparation 
 Gauge Bonding 
 Lead wire attachment 
 Protective coating 
2.2. Data recording 
Connecting Strain Gauges to the data acquisition is the critical step of monitoring, strain gauge 
measurement involves sensing extremely small changes in resistance. Therefore, proper selection and use of 
the bridge, signal conditioning, wiring, and data acquisition components are required for reliable 
measurements. When data acquisition connect to the gauges it needs to be connected to labview 
software(Drew 1996) and before starting the experiment labview must be set and calibrate by strain gauge and 
data acquisition properties. When all the steps were done and strain gauges were connected to the data 
acquisition and to the computer respectively and after the last check up of the wiring, the 4 cylinder engine 
was run. The first time we start the engine its cold. As a result the torque (rpm) of engine is not stable and its 
fluctuating from 900 rpm to 1100 rpm and this problem leads to interrupt in data collecting. To overcome on 
this problem the engine needs to work for a while around 10 to 15 minutes to be stable on ideal rpm that it is 
950 revolutions per minute. Engine monitoring is a time dependant work. Therefore, the data was recorded for 
2 second and in different rpm. 1000 rpm, 2000 rpm, 3000 rpm, 4000 rpm, respectively. 
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2.3. Data processing 
Strain gauges are very sensitive against heat and vibration, on the other hand when engine is running it is 
produced many vibration, and the temperature of engine is going to around 90 C° due to Friction. These 
external properties have large effect on recording and leads to inaccuracy on monitoring. Whereas, these 
properties are non-preventable, the obtained result must be filtered and then translate to the frequency domain 
using fast furrier transform to be acceptable and readable. In present article analyse of results done by I-kaz 
method. 
3. Result and Discussion 
The main goal of this section is to demonstrate the capability and behavior of engine monitoring using 
strain gauges. Collected data for each cylinder saved in a excel file and imported in the Matlab 
software(MathWorks 2005), by using Fast Fourier Transform and filtering the noises, draw in frequency 
domain and for last step is analysed with I-kaz method. Figure below shows the example of time domain 
graph for signal that has been measured on first cylinder for 1000 rpm. Basically, the time domain graph 
shows how the signals change over the time. 
 
 
Figure 3.1 frequency domains 
3.1. Analysing result with I-kaz method 
The I-kaz statistical method was used to analyse the results obtained from the strain gauges installed on the 
engine block. Every machinery possesses an specific 3-D I-kaz figure which demonstrates the engine 
operation condition. The figures 3.2 to 3.5 represented the 3-D figures of engine block obtained in this study 
for each cylinder at 1000 rpm. 
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Figure 3.2 cylinder 1 in 1000 rpm Figure 3.3 cylinder 2 in 1000 rpm 
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The Table 3.1 
to 3.4 shows the I-Kaz coefficients values obtained upon strain measurement on the engine used in this study. 
From these tables the value of I-kaz coefficient, low frequency kurtosis, high frequency kurtosis and very high 
frequency kurtosis in different rpm can be found. These results obtained from analyzing using I-kaz method.   
Table 3.1. I-Kaz Coefficient Cylinder 1 
 1000 (rpm) 2000  (rpm) 3000 (rpm) 4000 (rpm) 
Low Frequency Kurtosis 2.064987e+000 2.192166e+000 2.144729e+000 2.250347e+000 
High Frequency Kurtosis 1.721719e+000 1.762843e+000 1.853432e+000 2.129913e+000 
Very High Frequency 
Kurtosis 3.955352e+000 4.061430e+000 3.625274e+000 3.440760e+000 
I-kaz Coefficient 9.207046e-009 9.255377e-009 1.003437e-008 1.119195e-008 
Table 3.2. I-Kaz Coefficient Cylinder 2 
 1000 (rpm) 2000  (rpm) 3000 (rpm) 4000 (rpm) 
Low Frequency Kurtosis 2.521758e+000 2.715218e+000 2.842659e+000 2.637446e+000 
High Frequency Kurtosis 1.871311e+000 1.936835e+000 2.160725e+000 2.318992e+000 
Very High Frequency 
Kurtosis 3.657218e+000 3.715167e+000 3.618698e+000 3.178747e+000 
I-kaz Coefficient 1.928497e-009 2.295747e-009 3.798648e-009 4.823441e-009 
Table 3.3. I-Kaz Coefficient Cylinder 3 
 1000 (rpm) 2000  (rpm) 3000 (rpm) 4000 (rpm) 
Low Frequency Kurtosis 4.214045e+000 4.905064e+000 3.169690e+000 3.136944e+000 
High Frequency Kurtosis 3.124913e+000 3.591069e+000 5.088500e+000 2.602192e+000 
Very High Frequency 
Kurtosis 
3.092915e+000 2.883542e+000 3.478332e+000 3.957290e+000 
I-kaz Coefficient 1.497503e-009 2.295747e-009 2.941373e-009 3.054946e-009 
Table 3.4. I-Kaz Coefficient Cylinder 4 
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Figure 3.4 cylinder 3 in 1000 rpm Figure 3.5 cylinder 1 in 1000 rpm 
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 1000 (rpm) 2000  (rpm) 3000 (rpm) 4000 (rpm) 
Low Frequency Kurtosis 2.343806e+000 2.271224e+000 2.592193e+000 3.977278e+000 
High Frequency Kurtosis 1.732081e+000 1.886227e+000 2.167683e+000 2.315557e+000 
Very High Frequency 
Kurtosis 3.980248e+000 3.814586e+000 3.476520e+000 3.796904e+000 
I-kaz Coefficient 3.044531e-009 2.845897e-009 2.941373e-009 5.304308e-009 
 
The graphs below are drawn to find out the role of I-kaz coefficient in monitoring of engine block. The 
garaphs illustrated that the cylinder 1 and cylinder 4 indicated higher value of I-kaz coefficient. Therefore, 
have higher amplitude and frequency component compare to the cylinder 2 and cylinder 3. The higher I-kaz 
coefficients are produced because cylinder 1 and 4 are located at the edge of engine block which timing belt 
and water pump are operating in the same time. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.6 I-kaz coefficent versus cylinder 
Figure 1.7 I-kaz coefficient versus cylinder 
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Whereas, cylinder 2 and 3 possess lower I-kaz coefficients. The operations of cylinder 2 and 3 were fewer 
loads than other two cylinders because they are located in the middle of engine which no disruption were 
found from other components during the engine operations. These graphs are useful to condition monitoring 
of engine. Engine block condition monitoring using ultrasonic(Husaini, Nuawi et al.) signal done by Mohd 
Fetri Husaini in 2009, in this experiment using strain gauge the result is almost same compare to ultrasonic 
signal. 
4. Conclusion 
Internal combustion engines will likely continue to play an important role in power generation applications. 
Their advantages in terms of capital cost and efficiency make them ideal candidates for distributed power 
generation. Improved monitoring systems and methods are one of best way to reduce emissions and improve 
the efficiency and fault detection of international combustion engines.Present article demonstrated a new 
method which has never been done before, internal combustion engine block monitoring using strain sensor 
and analysing by I-kaz statistical method. The role of I-kaz coefficient as the responding variable showed that 
all 4 cylinders were separated into two groups. First was cylinder 1 and 4 covering the top area of graphs was 
higher than cylinder 2 and 3. Second were cylinder 2 and cylinder 3 which cover the bottom area of the 
graphs. I-kaz value for cylinder 1 and 4 was higher than cylinder 2 and 3. The variation of I-kaz coefficient 
value was influenced by the value of amplitude and frequency of each cylinder. 
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